Food Chemistry and Safety doi: 10.172212/232/2015-CJFS on the effects of Scots pine (Pinus sylvestris) phenolic compounds, which have anti-inflammatory properties.
Lignans and other plant polyphenols can ordinarily be found in the heartwood of trees. Lignans are especially common in conifers and flavonoids can be found in wood with a hard core. Recently, a group of Finnish scientists published an important discovery regarding the richest natural source of lignans. Holmbom et al. (2003) found lignans, about 5-10% by mass, in tree knots. It is interesting that Norway spruce (Picea abies) contains up to 6-29% lignans by mass, with the most abundant lignan being hydroxymatairesinol (HMR), which accounts for 70-85% of the total lignan content. Kangas et al. (2002) presented a paper on the antioxidant and antitumor effects of HMR. This is very important information and provides the basis for food enrichment with lignans. HMR was approved by the US FDA in 2004 as a dietary supplement and since 2006 it has been marketed under the brand name HMRlignan TM . There are several other dietary supplements based on lignans, e.g. Life-Three HMR lignans, femMED Breast Health, Prostate Support Formula, and Enterolactone Enhancer. Our own experiments discovered that knots from Norway spruce (Picea abies) trees, grown in Czech highland forests, are a rich source of HMR (Balík et al. 2015a) . Based on this discovery we have studied methods for enriching various sorts of wine and wine musts with HMR lignan and then predicted various quality parameters for those products: content of HMR, antioxidant activity, total polyphenol content, and total consumer acceptability. Wines with alcohol were enriched by dipping chips from spruce tree knots into the wine. Musts, without alcohol, were enriched by adding a small amount of HMR alcohol extract.
The main goal of this work was to evaluate the above-mentioned quality parameters after the addition of lignans. Cross-correlations between all studied parameters from wine and must beverages were periodically analysed over a storage period that lasted about one year.
MAtEriAL ANd MEthods
The details of sample preparation and the descriptions of experiments were presented in papers by Balík et al. (2015b) and Novotná et al. (2015) .
Sample preparations. Wines, with increased natural lignan content, were produced by adding ground spruce knots corresponding to at least 10 mg lignan/l of beverage during the technological phase of training or maturation. We used Grüner Veltliner wine and Blauer Limberger (Blaufränkisch) grape varieties for wine preparation. The process continued with 14 days of maceration at 15-20°C, combined with decanting and filtration. An alternative procedure was also used for wines or wine-based beverages to increase the natural content of lignans. During the technological phase of training or aging, a liquid extract of spruce knots (corresponding to at least 10-30 mg of lignan in one litre of beverage) was added with vigorous stirring at 25-30°C.
For non-alcoholic grape must we prepared lignans extracted in alcohol. We used hexane to remove the terpenes and resin compounds. Then the processed chips were added to the alcohol solution and lignans were extracted to reach the desired concentration of HMR. The content of HMR was 91.63 g/l of the alcoholic extract and the content of alpha-conidendrin (CONI) was 7.25 g/l of alcoholic extract.
If the goal was to prepare a must with increased natural lignan content, we added an alcohol extract of spruce knots to the must at 25-30°C with vigorous stirring. The extract was added to produce lignan content between 10 and 50 mg/l of beverage, while keeping the alcohol content below 0.5% by volume. The modified must was microbially stabilised using heat pasteurisation. Another technology for producing the must with an increased content of natural lignans involves adding ground knots to the must with the goal of increasing the lignan content to 10-50 mg/l of beverage. Before grinding, the knots were pretreated with hexane to remove terpenes and resin compounds. The must was then heated to 80°C and cooled. Afterwards the product was separated from the milled spruce knots by decanting, centrifugation, or filtration. The final product was microbially stabilised using heat pasteurisation.
Sample storage. Prepared samples of wines were stored for 13 months and musts for 12 months in refrigerators, between 1 and 3°C. Samples of wines were analysed after 2, 6, and 13 months of storage and of musts after 1, 5, 9, and 12 months of storage.
Lignan content analysis. HMR was identified as the main lignan in the spruce knots used in our study. In addition, CONI was found in small concentrations. Analyses were based on the extraction of spruce knots in 96% ethanol. Before extraction, non-polar substances, mainly terpenes and resin compounds, were removed using hexane. Liquid Czech J. Food Sci., 34, 2016 (1): 24-31 doi: 10.17221/232/2015 chromatography with a diode array detector HP G1315B (DAD, Hewlett-Packard, Palo Alto, USA) was used for analysis. 7-hydroxymatairesinol concentrations were assessed using a Hewlett Packard 1050 with an Agilent G1315B diode array detector, and a Phenomenex Luna C18 (2) column (3 mm, 2 × 150 mm). Mobile phase: water-acetonitrile-o-phosphoric acid; mobile phase A 5% acetonitrile + 0.1% o-phosphoric acid; and mobile phase B 80% acetonitrile + 0.1% o-phosphoric acid. For separation, a gradient from 20% B to 80% B (within 20 min) was used, the flow rate was 0.25 ml/min and the column temperature was 25°C. HMR was detected at 220 nm. It is important to note that for a correlation analysis, the sum of HMR and CONI concentrations for each sample was used. Detection limit for both HMR and CONI using HPLC and DAD detection was 0.06 µg/ml with a correlation coefficient of 0.9903 for HMR and 0.9875 for CONI using five calibration points.
Determination of antioxidant activity using FRAP and DPPH methods. Determination using the ferric reducing antioxidant power (FRAP) method was done at a pH of 3.6, in acetate buffer (23 mM sodium acetate trihydrate in solution of 34 mM acetic acid). The reaction mixture contained 12 mM FeCl 3 solution + 10 mM 2,4,6-tris(2-pyridyl)-s-triazine in 40 mM HCl solution; the buffer was at a ratio of 1 : 1: 10. An amount of 2 ml of the reaction mixture was mixed with 25 μl of the diluted sample (diluted with deionised water) in a disposable plastic cuvette (10 mm) and, after 10 min, the resulting solution was measured using a Helios-beta spectrophotometer (Spectronic Unicam, Cambridge, UK) at a wavelength of 593 nm. The antioxidant activity was calculated from a Trolox standard calibration curve.
For the DPPH method, 1.9 ml of DPPH (2,2-diphenyl-1-picrylhydrazyl) radical solution in methanol (c = 0.1 mmol/l) was mixed with 0.1 ml of diluted sample (deionised water) in a disposable plastic cuvette (10 mm). After 30 min, the absorbance at 515 nm was measured using a Helios-beta spectrophotometer. The antioxidant activity was calculated from a Trolox standard calibration curve.
Total polyphenol determination using Folin-Ciocalteu reagent. In this method, 0.5 ml of white wine (or 0.1 ml of red wine) was put into a 50 ml volumetric flask with approximately 20 ml of deionised water and mixed with 1 ml of Folin-Ciocalteu reagent. The flask was shaken and, after 3 min, 5 ml of 20% Na 2 CO 3 was added to the mixture. The flask was shaken thoroughly again and filled with deionised water. After standing for 30 min, the colour of the mixture was measured, in 10 mm cuvettes, at a wavelength of 700 nm, using a Helios-beta spectrophotometer (relative to a blank sample). The total polyphenol content was calculated from a gallic acid calibration curve.
Sensory assessment. Sensory assessments of the samples were produced using a graphical hundredpoint scale and an ordinal method was used by a panel of ten selected sensory assessors. The members of the sensory panel consisted of 10 up 12 assessors selected according to the ISO standard. A graphical hundredpoint scale for sensory analysis was chosen purposely to use observed data for a linear cross-correlation between all studied parameters. The samples were stored in a refrigerator which kept samples at the same temperature for the extended period of testing used in our technique. For purposes of this work, we selected the most important parameter of the sensory quality evaluation titled "consumer acceptability".
Statistical methods. All analytical parameters were measured in two trials, with the exception of the sensory evaluation (there were 6 to 12 assessors). We calculated the arithmetic mean and standard deviation of all parameters. These mean values, valid for different storage times, were used for a linear crosscorrelation between all studied parameters. Calculated values of each correlation coefficient were compared with critical values of correlation coefficients given in standard tables (Štěpánek 1975 ) and valid for a degree of freedom (number of experimental data Nnumber of parameters of correlation equation p = 2). Statistically significant correlations were predicted only in cases where the calculated correlation parameter was greater than the critical value of the correlation parameter valid for a given degree of freedom.
rEsuLts ANd disCussioN
White and red wine enriched with lignans from ground spruce knots (chips). Correlation coefficients of all parameters from white and red wines enriched with lignans (by addition of ground spruce knots = chips) are given in Table 1 . It is apparent that only the parameters of consumer acceptability and the FRAP antioxidant activity were significantly correlated for white wines and there is no significant correlation between any of the measured parameters for red wines.
Correlation coefficients of all parameters from all data valid for white and red wines enriched with lignans are given in Table 2 . It is apparent that strong correlations were found between the two different parameters of antioxidant activity (FRAP and DPPH) and the total polyphenol content. Statistically significant correlations are presented in Figure 1 .
White and red wine enriched with lignans through the addition of an alcohol extract made from ground spruce knots. Correlation coefficients of all parameters from white and red wines are given in Table 3 , and for all wine samples in Table 4 . There was no significant correlation between the measured The consumer acceptability is highly correlated with lignan content, the correlation also evident for FRAP and DPPH, and total polyphenols correlated with antioxidant parameters FRAP and DPPH for red must with chips. Table 6 presents surprising evidence that all tested parameters correlated with each other and had statistical significance. Selected correlations with statistically significant correlation coefficients are presented Table 4 contains correlation coefficients for all data, valid for both types of wine, and statistically significant values are visible. Namely, significant correlation coefficients were found between FRAP and DPPH antioxidant activities, consumer acceptability and antioxidant parameters FRAP, DPPH, and total polyphenol content. There was also a significant correlation between both antioxidant parameters and total polyphenol content. Correlations with statistically significant correlation coefficients are presented in Figures 2. White and red must enriched with lignans from ground spruce knots. Correlation coefficients of all parameters from white and red musts are presented in Table 5 , and for all must samples in Table 6 . There were statistically significant correlations between consumer acceptability and antioxidant activity DPPH and total polyphenol concentration and also a strong correlation between DPPH and FRAP and antioxidant parameters (DPPH, FRAP) and total polyphenol concentration for white must with chips. in Figures 3-5 . It can be seen that there are very strong relationships between parameters characterising white and red musts. The strongest correlations were found for all sample parameters without differentiation with regard to white or red grapes.
White and red must enriched with lignans through the addition of an alcohol extract made r crit for 48 data points = 0.279; r crit for 32 data points = 0.349 (correlation with lignans); in bold significant correlation from ground spruce knots. Correlation coefficients of all parameters for white musts and red musts are given in Table 7 and for all must samples in Table 8 . It can be seen from Table 7 that there was a statistically significant correlation between white must (with lignan extract) and consumer acceptability. The correlation was negative and indicate that lower lignan concentrations had better consumer acceptability. It confirmed an assumption that the lignan concentration has to be calculated carefully with respect to consumer sensory assessment. Table 7 also shows excellent correlations between the antioxidant parameters FRAP and DPPH. The same correlation coefficient levels were predicted for total polyphenol content and antioxidant parameters. Table 7 , valid for red must (with extract), shows very high correlation coefficients for consumer acceptability and antioxidant parameters FRAP, DPPH, and total polyphenol content. Excellent correlations were also Czech J. Food Sci., 34, 2016 (1): 24-31 doi: 10.17221/232/2015-CJFS 
CoNCLusioNs
This work summarises all parameters characterising white and red wine and white and red musts enriched with HMR lignan obtained from ground spruce knots. In one group of products the ground spruce knots (chips) were dipped into the final product. In the other group the products were enriched by addition of an alcohol extract made from ground spruce knots. There were selected quality parameters such as lignan concentration, consumer acceptability, antioxidant characteristics FRAP and DPPH, and total polyphenol content. We analysed cross-correlations between all the above-mentioned parameters and found a variety of statistically significant correlations. One of the more important inverse correlations was found between lignan concentration and consumer acceptability. The correlation suggests that lignans have to be added judiciously in order to maintain consumer acceptability. The strongest correlations were found between antioxidant parameters with each other and total polyphenol content that supports this antioxidative behaviour. r e f e r e n c e s
